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DObjective:A paradigm shift in surgical training has led to national efforts to incorporate simulation-based learn-
ing into cardiothoracic residency programs. Our goal was to determine the feasibility of developing a cardiac
surgery simulation curriculum using the formal steps of curriculum development.
Methods: Cardiothoracic surgery residents (n ¼ 6) and faculty (n ¼ 9) evaluated 54 common cardiac surgical
procedures to determine their need for simulation. The highest scoring procedures were grouped into similarly
themed monthly modules, each with specific learning objectives. Educational tools consisting of inanimate,
animate, and cadaveric facilities and a newly created virtual operating room were used for curriculum imple-
mentation. Resident satisfaction was evaluated by way of a 5-point Likert scale. Perceived competency (scale
of 1–10) and pre–/post–self-confidence (scale of 1–5) scores were collected and analyzed using cumulative
mean values and a paired t-test.
Results: Of the 23 highest scoring procedures (mean score, 4.0) on the needs assessment, 21 were used for
curriculum development. These procedures were categorized into 12 monthly modules. The simulation curric-
ulum was implemented using the optimal simulation tool available. Resident satisfaction (n ¼ 57) showed an
overwhelmingly positive response (mean score, 4.7). The perceived competency scores highlighted the pro-
cedures residents were uncomfortable performing independently. The pre–/post–self-confidence scores in-
creased throughout the modules, and the differences were statistically significant (P<.001).
Conclusions: It is feasible to develop and implement a cardiac surgery simulation curriculum using a structured
approach. High-fidelity, low-technology tools such as a fresh tissue cadaver laboratory and a virtual operating
room could be important adjuncts. (J Thorac Cardiovasc Surg 2012;144:7-16)There has been a paradigm shift in the training of surgical
residents from the traditional ‘‘apprenticeship’’ model to
a hybrid one1 involving simulation training. This shift is
in response to several current challenges in residency train-
ing, including time constraints, patient safety concerns, fi-
nancial costs, and decreasing lengths of training
programs. Currently, an average of 8.3 years of training af-
ter medical school, including 5 years or more of general sur-
gery training and 2 to 3 years of specialized training, are
required to become a cardiothoracic (CT) surgeon.2 An an-
ticipated shortage of CT surgeons by 2020 and 30% to 40%
vacant spots in the Accreditation Council for Graduate
Medical Education–approved CT residency programs in
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The Journal of Thoracic andof an integrated 6-year training program. It has been pro-
posed that all Accreditation Council for Graduate Medical
Education–approved CT residency programs adopt this
training platform. It is important to remember that with
the new training platform, a transition will occur to younger,
less-experienced learners who will begin CT residency with
decreased skills compared with the traditional graduate of
a 5-year general surgery training program.
The utility of simulation has been well documented in
graduate medical education3 and is based on the concept
of ‘‘deliberate practice.’’4 Because the operating room af-
fords little time for ‘‘practice and reflection’’ in surgery ow-
ing to patient safety and ethical concerns, simulation can
provide the necessary training in the laboratory. This con-
cept is especially valid in technically challenging fields
such as CT surgery and was strongly embraced at the Vi-
sioning Simulation in Cardiothoracic Surgery Conference
in April 2007 (Cambridge, Mass). National efforts are cur-
rently underway involving the Thoracic Surgery Directors’
Association, Joint Council of Thoracic Surgery Education,
American Board of Thoracic Surgery, and Thoracic Surgery
Foundation for Research and Education to incorporate
simulation-based training into the CT residency. The Joint
Council of Thoracic Surgery Education, in conjunction
with the Thoracic Surgery Directors’ Association, has spon-
sored an annual ‘‘Boot Camp’’ at the University of North
Carolina since 2008, allowing approximately one third ofCardiovascular Surgery c Volume 144, Number 1 7
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Uall first-year CT surgical residents to participate in faculty-
supervised simulation workshops.5
Several studies have validated the need for simulation in
cardiac surgery5-10 and various simulation tools currently
exist, including those built by Fann and colleagues,6 Ram-
phal and colleagues,7 and Schiralli and colleagues,8 that
simulate standard and beating-heart coronary anastomosis,
valvular cardiac surgery, and cannulation for cardiopulmo-
nary bypass. Although simulation centers have emerged
during the past few decades and offer a dedicated place to
practice and hone skills in a structured and stress-free envi-
ronment, many centers rely on an opportune approach to
module development and lack an organized approach to
curriculum development. In addition, models for teaching
other intricate skills such as internal mammary artery har-
vesting and performance of redo sternotomy in the labora-
tory are nonexistent. The true benefit of simulation
training in cardiac surgery will occur only when training
programs develop and integrate regularly scheduled simula-
tion sessions in the context of established curricula. A com-
prehensive skills curriculum could help to ensure that
residents are equipped with the basic skills through a clearly
defined and cohesive program and might reduce gaps and
duplication in the curricula. However, widespread adoption
and penetration into individual training programs is lacking,
and no standardized approach for developing a simulation
based curriculum exists. The challenges to overcome in
this process include the ability to reach agreement among
faculty and residents regarding which skills are essential
for inclusion and the feasibility and acceptability for all res-
idents and faculty at 1 institution.
The goal of our study was to apply the steps of formal
curriculum development to develop and implement a com-
prehensive cardiac surgery curriculum. The specific aims
included determining which skills are the most important
to include in a cardiac simulation curriculum at our institu-
tion, developing and implementing a structured simulation
curriculum, assessing the effect of the curriculum on resi-
dents’ self-efficacy for each skill, and evaluating the feasi-
bility and acceptability of a simulation-based curriculum
by faculty and residents.
METHODS
Curriculum Development
The steps of formal curriculum development as outlined by Kern and
colleagues11 are (1) problem identification, (2) needs assessment, (3) goals
and objectives, (4) educational methods, (5) curriculum implementation,
(6) evaluation, and (7) maintenance.8 The Journal of Thoracic and Cardiovascular SurgerNeeds Assessment
A list of 54 cardiac surgical procedures commonly performed during
residency training was compiled by a core group of CT faculty and educa-
tors in the Department of Surgery at the University of Southern California
(USC). The skills were categorized into 4 groups: general cardiac surgery,
ischemic heart disease, heart valve disease, and thoracic aortic disease. The
CT surgery residents (n ¼ 6) and faculty members (n ¼ 9) were surveyed
and instructed to rank each skill on a scale of 1 to 5, with 1 the least and 5,
the most important to simulate in the laboratory (Table 1). The data from
the needs assessment survey were entered into standard Excel format and
mean scores were calculated.
Goals and Objectives
The highest scoring procedures from the combined resident and faculty
needs assessment survey results were grouped into defined modules that
could be incorporated into our existing cardiac surgery educational curric-
ulum. The learning objectives were subsequently created for each module
and consisted of both broad educational objectives and specific measurable
objectives. In curriculum development, the broad educational objectives
serve as the overall goal of the curriculum, and the specific measurable ob-
jectives serve to direct the choice of curricular content, determine which
learning methods would be the most effective and enable evaluation of
the students and the curriculum.11 The learning objectives were determined
by a subgroup of faculty who reviewed each topic and determined the pri-
orities and goals for each session.
Educational Methods
Inanimate, animate, and cadaveric models at the USC Surgical Skills
Training and Education Center were available to teach the simulation mod-
ules. Each module was assessed in regard to the optimal available simula-
tion method to capitalize on our learning objectives. The inanimate models
were composed of anastomotic portable task trainers with synthetic target
vessels (Chamberlain Group, Great Barrington,Mass) as described by Fann
and colleagues,6 as well as commercially available aortic, mitral, and sa-
phenous vein trainers (Chamberlain Group). The animate models consisted
of wet-laboratory porcine heart preparations in conjunction with commer-
cially available cardiac surgery products (valves, annuloplasty rings, abla-
tion tools, and so forth).
Several of the sessions were held in the Fresh Tissue Dissection Labo-
ratory. This cadaveric simulation center was established through a unique
relationship with the Department of Health Services in Los Angeles
County (LAC) and the Office of Decedent Affairs at LACþUSC Medical
Center, where unclaimed cadavers are donated (free of charge) to the fac-
ulty and staff at the LACþUSC Medical Center when used for educational
purposes. The cadavers used in this laboratory are fresh and lightly condi-
tioned12 and provide the opportunity for a realistic technical surgical
experience.
In addition, a high-fidelity simulator modeled after the Ramphal simu-
lator7 was developed to create a realistic operative experience and establish
simulation for cardiopulmonary bypass. This simulator uses a porcine beat-
ing heart model to allow teaching and assessment of skills from cardiac
cannulation through the operative procedure to successfulweaning in a sim-
ulated operating room environment.
Curriculum Implementation
Cardiac surgery simulation modules were incorporated into the existing
cardiac surgery educational curriculum. On the fourth Friday of each
month, our regular 2-hour educational didactic core curriculum was re-
placed with a focused simulation laboratory. One monthly session was ded-
icated to each module, and all CT residents were required to attend. The
residents were graduates of traditional 5-year general surgery residencies
and included first-, second-, and third-year cardiac surgery residents.
Each 2-hour session was staffed by 3 to 4 CT faculty members who werey c July 2012
TABLE 1. Cardiothoracic surgery procedural skills needs assessment
survey
Skill Not necessary Helpful Essential
General cardiac surgery
Median sternotomy 1 2 3 4 5
Redo sternotomy 1 2 3 4 5
Aortic cannulation 1 2 3 4 5
Venous cannulation 1 2 3 4 5
Cardioplegia cannula
placement
1 2 3 4 5
Femoral cannulation/
decannulation
1 2 3 4 5
Coronary sinus catheterization 1 2 3 4 5
Placement of vent 1 2 3 4 5
Beginning CPB 1 2 3 4 5
Weaning from CPB 1 2 3 4 5
Intra-aortic balloon pump
placement
1 2 3 4 5
Pericardial window 1 2 3 4 5
Ischemic heart disease
Open saphenous vein harvest 1 2 3 4 5
Endoscopic saphenous vein
harvest
1 2 3 4 5
Open radial artery harvest 1 2 3 4 5
Endoscopic radial artery
harvest
1 2 3 4 5
IMA harvest 1 2 3 4 5
Coronary artery anastomosis 1 2 3 4 5
Beating heart coronary
anastomosis
1 2 3 4 5
Minimally invasive direct
coronary artery bypass
1 2 3 4 5
Proximal anastomosis 1 2 3 4 5
Repair of postinfarct VSD 1 2 3 4 5
Transmyocardial
revascularization
1 2 3 4 5
Heart valve disease
Aortic valve replacement 1 2 3 4 5
Management of small aortic
root
1 2 3 4 5
Aortic root replacement 1 2 3 4 5
Aortic homograft 1 2 3 4 5
Ross procedure 1 2 3 4 5
Valve-sparing aortic root
replacement
1 2 3 4 5
Mitral valve replacement 1 2 3 4 5
Mitral valve posterior leaflet
repair
1 2 3 4 5
Mitral valve anterior leaflet
repair
1 2 3 4 5
Minimally invasive AVR 1 2 3 4 5
Minimally invasive MVR 1 2 3 4 5
Tricuspid valve repair 1 2 3 4 5
Tricuspid valve replacement 1 2 3 4 5
Pulmonary valve replacement 1 2 3 4 5
Thoracic aortic disease
Axillary cannulation 1 2 3 4 5
(Continued)
TABLE 1. Continued
Skill Not necessary Helpful Essential
Treatment of type A dissection
AV resuspension 1 2 3 4 5
Interposition graft 1 2 3 4 5
Hemiarch 1 2 3 4 5
Total arch replacement 1 2 3 4 5
Treatment of type B dissection
Open repair 1 2 3 4 5
Endovascular repair 1 2 3 4 5
Treatment of ascending thoracic
aneurysm
Open repair 1 2 3 4 5
Treatment of descending thoracic
aneurysm
Open repair 1 2 3 4 5
Endovascular repair 1 2 3 4 5
Surgery for arrhythmias
Surgery for atrial fibrillation 1 2 3 4 5
Temporary mechanical support
ECMO 1 2 3 4 5
LVAD 1 2 3 4 5
BiVAD 1 2 3 4 5
Cardiac transplant
Donor harvest 1 2 3 4 5
Recipient implantation 1 2 3 4 5
Resection of cardiac tumors 1 2 3 4 5
The residents and faculty were asked to complete the survey with the following in-
structions: ‘‘Below is a list of essential skills residents often acquire during cardiotho-
racic training. Please review each skill and determine the need for simulation training
outside of the operating room. Based on these results we will establish the compo-
nents of the cardiac simulation curriculum in the surgical skills training and simula-
tion center. In the blank spaces provided, please list any additional procedural skills
that you believe are important for residents to acquire during training.’’ CPB, Cardio-
pulmonary bypass; IMA, internal mammary artery; VSD, ventricular septal defect;
AVR, aortic valve replacement; MVR, mitral valve replacement; AV, aortic valve;
ECMO, extracorporeal membranous oxygenation; LVAD, left ventricular assist de-
vice; BiVAD, biventricular assist device.
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didactic presentation that addressed the cognitive elements of the skill,
a demonstration of the surgical techniques by the instructor, and the oppor-
tunity for residents to practice at individual stations, ask questions, and re-
ceive feedback on their performance by the faculty. The most senior faculty
was designated as the module instructor, and the remaining faculty super-
vised the individual task stations. Every resident was offered the opportu-
nity for the deliberate practice of each skill until they were comfortable
enough performing the procedure. After practice and feedback, each resi-
dent was required to demonstrate the skill back to the instructor. Residents
with less than adequate performancewere given remediation and additional
practice until an acceptable level of skill acquisition was demonstrated.
Evaluation
Evaluation data were collected at the end of each module and consisted
of satisfaction ratings, perceived competency scores, and pre– and post–
self-confidence ratings. The satisfaction assessment was an 8-item form
consisting of specific questions reviewing the overall quality of the work-
shops on a 5-point Likert scale (1, strongly disagree to 5, strongly agree)
and 2 open-ended questions regarding strengths and areas for improve-
ment. Perceived competency was assessed using a 10-point scale
(1, strongly disagree to 10, strongly agree). Each resident was asked toCardiovascular Surgery c Volume 144, Number 1 9
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sion in the operating room. Finally, the self-confidence assessment used
a pre- and postrating for each learning objective. A statistical analysis of
the self-confidence scores was performed using a paired t-test on the com-
bined data points for each module. Resident competency was determined
subjectively at the end of each skill session in the simulation center
when each resident was required to demonstrate the skill back to the in-
structor. The subjective evaluation was determined by whether each resi-
dent demonstrated competency of the objectives for each module.
Residents who did not demonstrate the skill to the expectations of the fac-
ulty member were given the opportunity for additional practice and feed-
back and were re-assessed at a later time. The faculty rated the residents
according to their own subjective determination of proficiency and were
not asked to use any specific rating scale.RESULTS
The scores from the needs assessment were organized ac-
cording to the resident, faculty, and combined results and
listed from highest to lowest (Table 2). To incorporate input
from learners and instructors, procedures with a mean score
of 4.0 or greater (n¼ 23) on the combined resident and fac-
ulty surveys were chosen for curriculum development. A
subgroup of faculty members reviewed each individual pro-
cedure and grouped them into 13 modules based on similar
themes (Table 3). It is important to note that the available
facilities and resources did not permit adequate develop-
ment of an endovascular simulation module. Therefore,
12 modules were chosen for curriculum implementation,
and learning objectives were created for each module
(Table 4).
The simulation tool chosen for each module is also listed
in Table 3. Five modules were performed exclusively in the
fresh tissue cadaver laboratory. Five modules were per-
formed using a combination of porcine hearts and the
high-fidelity trainer. One module used a combination of
portable task trainers, a porcine heart preparation, and the
high-fidelity trainer. Finally, 1 module used only the high-
fidelity trainer.
The cumulative average scores for each of the 8 items on
the resident satisfaction assessment of the simulation mod-
ules is presented in Table 5 (scale 1, strongly disagree to 5,
strongly agree). The resident responses to the skills work-
shops were overwhelmingly positive and quantitative data
revealed high satisfaction with the curriculum. In addition
to the information collected on the 5-point Likert scale,
qualitative data were collected, and residents were asked
to list the strengths and weaknesses of the sessions. Several
themes emerged from the qualitative analysis. Overall, the
residents believed the simulation laboratories were educa-
tional and realistic. They expressed an appreciation for
the effort that the Department had invested in the curricu-
lum. The suggestions for improvement included increasing
the number of simulation sessions.
The perceived self-competency scores are presented in
Table 6. ‘‘N’’ in Table 6 refers to the cumulative total of
all resident responses related to all the learning objectives.10 The Journal of Thoracic and Cardiovascular SurgeAn analysis of the data revealed that the residents were
overwhelmingly comfortable performing all the procedures
with supervision. However, the residents were less comfort-
able performing each procedure independently. Specifi-
cally, the residents were least competent in performing
minimally invasive valve surgery, mitral and tricuspid re-
pair, left ventricular assist device placement, and aortic dis-
section (mean score 7) independently.
Finally, the pre– and post–self-confidence scores for each
module are presented in Table 7. The residents’ self confi-
dence/efficacy increased significantly after each session
module (P < .001). Anecdotally, the residents reported
that they thought they were much better prepared to perform
each skill in the operating room and expressed gratitude for
the opportunity to practice.
DISCUSSION
Simulation is an increasingly vital component of gradu-
ate medical education and is becoming the standard of prac-
tice in many residency programs,13 especially in the
surgical specialties owing to the need, ‘‘to move basic skills
acquisition out of the operating room and into the surgical
skills laboratories.’’7 Deliberate practice is an educational
technique aimed at improving performance by intense
training and preparation. These steps include repetition,
assessment, and feedback, which lead to performance im-
provement.4 Okuda and colleagues3 reported the enhance-
ment of medical education when the principles of
deliberate practice are applied in simulation-based teach-
ing. These concepts have tremendous potential in the field
of CT surgery in which, the traditional apprenticeship
model ‘‘suffers from poor reliability when applied to perfor-
mance assessment and teaching.’’3
To date, early, but instrumental, work has been done to
develop cardiac simulation models.5-8 However, great
variability exists in the fidelity, technology, and costs of
these various simulation methods. Given the current
financial constraints of most residency training programs,
a need exists to develop simulation curricula using cost-
effective high-fidelity tools. This will require novel
approaches as exemplified by Schiralli and colleagues.8 In
anticipation of the challenges associated with the younger
learners in the integrated CT training program, the Joint
Council of Thoracic Surgery Education is directing efforts
toward creating a national technical skills curriculum.
The present report describes our experience in develop-
ing a focused simulation curriculum and its implementation
in a traditional CT training program. The results of this pro-
ject have implications for CT educators who are exploring
methods to improve resident training in CT surgery. This pi-
lot project was an initial attempt to teach and assess surgical
skills in a simulated environment using a structured ap-
proach. It is well known by educational psychologists that
a formal approach to curriculum development is importantry c July 2012
TABLE 2. Mean scores from faculty, resident, and combined responses
Faculty Score Residents Score Combined responses* Score
Mitral valve replacement 4.56 Beating heart coronary anastomosis 5.00 Beating heart coronary anastomosis 4.60
Mitral valve posterior leaflet repair 4.56 Management of small aortic root 4.83 Aortic root replacement 4.60
Descending thoracic aneurysm
endovascular repair
4.56 Aortic root replacement 4.83 Mitral valve replacement 4.60
Aortic root replacement 4.44 Valve sparing aortic root replacement 4.67 Mitral valve posterior leaflet repair 4.60
Redo sternotomy 4.33 Mitral valve replacement 4.67 Management of small aortic root 4.53
Coronary artery anastomosis 4.33 Mitral valve posterior leaflet repair 4.67 Redo sternotomy 4.40
Beating heart coronary anastomosis 4.33 Mitral valve anterior leaflet repair 4.67 Coronary artery anastomosis 4.40
Aortic valve replacement 4.33 Redo sternotomy 4.50 Type B dissection endovascular repair 4.33
Management of small aortic root 4.33 Coronary artery anastomosis 4.50 Mitral valve anterior leaflet repair 4.29
IMA harvest 4.22 Aortic homograft 4.50 Surgery for atrial fibrillation 4.27
Tricuspid valve repair 4.22 Total arch replacement 4.50 Aortic valve replacement 4.20
Type B dissection endovascular repair 4.22 Type B dissection endovascular repair 4.50 Tricuspid valve repair 4.20
Surgery for atrial fibrillation 4.22 Weaning from CPB 4.33 Descending thoracic aneurysm
endovascular repair
4.20
Axillary cannulation 4.11 Ross procedure 4.33 Weaning from CPB 4.13
Weaning from CPB 4.00 Minimally invasive AVR 4.33 Aortic homograft 4.13
Endoscopic saphenous vein harvest 4.00 Minimally invasive MVR 4.33 Valve sparing aortic root replacement 4.13
Mitral valve anterior leaflet repair 4.00 AV resuspension 4.33 Minimally invasive MVR 4.13
Minimally invasive MVR 4.00 Surgery for atrial fibrillation 4.33 Minimally invasive AVR 4.13
Minimally invasive AVR 4.00 Repair of postinfarct VSD 4.17 AV resuspension 4.07
Proximal anastomosis 3.89 Tricuspid valve repair 4.17 Total arch replacement 4.07
Aortic homograft 3.89 Pulmonary valve replacement 4.17 Endoscopic saphenous vein harvest 4.00
AV resuspension 3.89 LVAD 4.17 IMA harvest 4.00
LVAD 3.89 Donor harvest 4.17 LVAD 4.00
Open radial artery harvest 3.78 Recipient implantation 4.17 Repair of postinfarct VSD 3.87
Valve sparing aortic root replacement 3.78 Coronary sinus catheterization 4.00 Hemiarch 3.87
Hemiarch 3.78 Beginning CPB 4.00 Coronary sinus catheterization 3.86
Total arch replacement 3.78 Endoscopic saphenous vein harvest 4.00 Axillary cannulation 3.80
Ascending thoracic aneurysm open repair 3.78 Aortic valve replacement 4.00 Recipient implantation 3.80
Coronary sinus catheterization 3.75 Tricuspid valve replacement 4.00 Donor harvest 3.67
Repair of postinfarct VSD 3.67 Hemiarch 4.00 Tricuspid valve replacement 3.64
Interposition graft 3.67 Aortic cannulation 3.83 Aortic cannulation 3.60
Femoral cannulation/decannulation 3.56 Endoscopic radial artery harvest 3.83 Beginning CPB 3.60
Descending thoracic aneurysm open repair 3.56 Placement of vent 3.67 Ascending thoracic aneurysm open repair 3.60
ECMO 3.56 IMA harvest 3.67 Ross procedure 3.53
BiVAD 3.56 Minimally invasive direct CAB 3.67 Interposition graft 3.53
Recipient implantation 3.56 Descending thoracic aneurysm
endovascular repair
3.67 BiVAD 3.53
Aortic cannulation 3.44 Venous cannulation 3.50 Femoral cannulation/decannulation 3.47
Open saphenous vein harvest 3.44 Transmyocardial revascularization 3.50 Proximal anastomosis 3.47
Type B dissection open repair 3.44 Type B dissection open repair 3.50 Type B dissection open repair 3.47
Tricuspid valve replacement 3.38 BiVAD 3.50 ECMO 3.47
Beginning CPB 3.33 Cardioplegia cannula placement 3.33 Open radial artery harvest 3.40
Donor harvest 3.33 Femoral cannulation/decannulation 3.33 Descending thoracic aneurysm open repair 3.40
Intra-aortic balloon pump placement 3.22 Axillary cannulation 3.33 Placement of vent 3.33
Median sternotomy 3.11 Interposition graft 3.33 Minimally invasive direct CAB 3.33
Venous cannulation 3.11 Ascending thoracic aneurysm open repair 3.33 Venous cannulation 3.27
Cardioplegia cannula placement 3.11 ECMO 3.33 Pulmonary valve replacement 3.27
Placement of vent 3.11 Descending thoracic aneurysm open repair 3.17 Cardioplegia cannula placement 3.20
Minimally invasive direct CAB 3.11 Resection of cardiac tumors 3.00 Open saphenous vein harvest 3.07
Ross procedure 3.00 Open radial artery harvest 2.83 Endoscopic radial artery harvest 2.93
Pericardial window 2.75 Proximal anastomosis 2.83 Transmyocardial revascularization 2.93
Pulmonary valve replacement 2.67 Open saphenous vein harvest 2.50 Resection of cardiac tumors 2.79
Resection of cardiac tumors 2.67 Pericardial window 2.17 Intra-aortic balloon pump placement 2.60
(Continued)
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TABLE 2. Continued
Faculty Score Residents Score Combined responses* Score
Transmyocardial revascularization 2.56 Median sternotomy 1.67 Median sternotomy 2.53
Endoscopic radial artery harvest 2.33 Intra-aortic balloon pump placement 1.67 Pericardial window 1.67
IMA, Internal mammary artery; CPB, cardiopulmonary bypass; AVR, aortic valve replacement; MVR, mitral valve replacement; AV, aortic valve; VSD, ventricular septal defect;
LVAD, left ventricular assist device; ECMO, extracorporeal membranous oxygenation; BiVAD, biventricular assist device; CAB, coronary artery bypass. *The 23 highest scoring
procedures, corresponding to a mean score of 4, were chosen for curriculum development.
Cardiothoracic Surgical Education and Training Baker et al
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ence and promote mastery of content; however, surgical
programs are slow to apply this method, and many pro-
grams do not have an explicit and structured skills curricu-
lum. One of the initial steps in developing a curriculum is to
perform a needs assessment to identify the gaps in training
and determine the specific needs of individual programs.
This information is used to guide curricular efforts and is
an important step in curriculum development. The goal of
this project was to determine the feasibility of creating
a simulation curriculum at our institution. These survey re-
sults reflect the need of 1 individual program and might not
be applicable to other programs with varying faculty exper-
tise and disease prevalence. However, for skill simulation
centers to provide the most benefit to learners, the curricu-
lum needs to be focused on the needs of each program. In
this project, we were able to apply the 6 steps of curriculum
development to develop and implement a cardiac surgery
skills curriculum and afford the residents the opportunity
for deliberate practice.
One of the challenges to creating a simulation curriculum
is determining which skills are the most essential to include.
From the results of our needs assessment, we were able to
determine the skills deemed the most important by the fac-
ulty and residents and created 12 independent modules,
which included the 23 highest scoring procedures. TheTABLE 3. Simulation modules and tools
Module Topic Proced
1 Anastomosis Coronary artery anastomos
2 Basic skills Redo sternotomy; IMA har
3 Aortic valve AVR; management of smal
4 MV/atrial fibrillation MVR; surgical managemen
5 Mitral and tricuspid repair MV posterior leaflet repair
repair; TV repair
6 Aortic dissection AV resuspension; total arch
7 Minimally invasive valve surgery Minimally invasive MVR;
8 Aortic root replacement Root replacement; homogr
9 Valve sparing root Valve sparing aortic root re
10 Vein harvest Endoscopic saphenous vein
11 LVAD LVAD Placement
12 CPB Weaning from CPB
13* Endovascular Type B dissection; endovas
thoracic aneurysm endov
IMA, Internal mammary artery; AVR, aortic valve replacement;MV,mitral valve;MVR,mitr
device; CPB, cardiopulmonary bypass; NA, not available. *Module not conducted.
12 The Journal of Thoracic and Cardiovascular Surgemodules were performed using a variety of simulation tools,
including inanimate, animate, and cadaveric, and a high-
fidelity trainer.
We acknowledge that the availability of an established
fresh tissue cadaveric program at USC greatly enhanced
our ability to implement our simulation curriculum. This fa-
cility was established at LACþUSCMedical Center in 2006
for the purpose of surgical education. Fresh tissue dissec-
tion allows for realistic technical surgical experience and
demonstration of actual surgical procedures. This is in dis-
tinction from the ‘‘fully embalmed’’ cadavers used in med-
ical school curricula. The cadavers used in the laboratory
are received in the frozen, unembalmed state. Our simula-
tion modules were performed using thawed ‘‘fresh,’’ unem-
balmed cadavers. This experience provided a novel and
incredibly effective method of simulation and might prove
to be the best medium for ‘‘deliberate practice’’ of many es-
sential cardiac skills, such as redo sternotomy and internal
mammary artery harvest. The process of ‘‘light embalm-
ing’’ offers temporary, life-like preservation of the tissues
for at least 6 weeks, thereby allowing multiple uses.12 Other
programs should be encouraged to investigate the feasibility
of a similar arrangement at their respective institutions. This
would provide an economic advantage for training pro-
grams, which have a cost associated with obtaining cadav-
eric models.ure skills Simulation tool
is; beating heart anastomosis Portable task trainers, porcine heart and
high-fidelity trainer
vest Fresh tissue cadaver
l aortic root Porcine heart, high-fidelity trainer
t of atrial fibrillation Porcine heart, high-fidelity trainer
; MV anterior leaflet Porcine heart, high-fidelity trainer
replacement Fresh tissue cadaver
minimally Invasive AVR Fresh tissue cadaver
aft Porcine heart, high-fidelity trainer
placement Porcine heart, high-fidelity trainer
harvest Fresh tissue cadaver
Fresh tissue cadaver
High-fidelity trainer
cular repair; descending
ascular repair
NA
al valve replacement; TV, tricuspid valve; AV, aortic valve; LVAD, left ventricular assist
ry c July 2012
TABLE 4. Learning objectives
Module 1—anastomosis (coronary artery anastomosis, beating heart
anastomosis)
Ability to perform coronary anastomosis*
Module 2—basic skills (redo sternotomy, IMA harvest)
Understand anatomy of the sternum
Identification of midline
Understanding complications of sternotomy
Comfort with application of redo saw
Understand anatomy of IMA
Understand methods of IMA harvest
Understand pedicle vs skeletonized techniques
Understand proximal and distant extent of dissection
Ability to perform IMA harvest
Module 3—aortic valve (AVR, management of small aortic root)
Understand implications of small aortic root
Delineate aortic root anatomy
Ability to compute acceptable minimal size prosthesis
Comprehend options for management of small aortic root
Ability to perform aortic root enlargement procedure
Pledget alignment
Suture placement
Comprehend valve geometry
Understand prosthetic valve design
Module 4—MVR/atrial fibrillation (MVR, surgical management of atrial
fibrillation)
Delineate mitral valve anatomy
Comprehend valve geometry
Understand biatrial, dome, and transeptal approaches
Pledget alignment
Suture placement
Location of lesion sets
Module 5—mitral and tricuspid repair (MV posterior leaflet repair, MV
anterior leaflet repair, TV repair)
Understand anatomy of MV
Understand various repair options of anterior and posterior leaflets
Ability to perform posterior annuloplasty
Ability to perform quadrangular resection
Understanding anatomy of TV
Ability to perform tricuspid annuloplasty
Module 6—aortic dissection (AV resuspension, total arch replacement)
Comfort with axillary cannulation
Understand technique of AV resuspension
Understand surgical anatomy of aortic arch
Ability to perform aortic arch anastomosis using open distal technique
Understand technique and indications for total arch replacement
Module 7—minimally invasive valve surgery (minimally invasive MVR,
minimally invasive AVR)
Appropriate placement of incision and selection for entering space for
MVR and AVR
Achieve adequate exposure by way of minimally invasive incision
Understand indications for central vs peripheral cannulation
Achieve adequate exposure of MV
Achieve adequate exposure of AV
Ability to use minimally invasive instruments to performMVR and AVR
Module 8—aortic root replacement (root replacement, homograft)
Understand aortic root anatomy
(Continued)
TABLE 4. Continued
Understand indications for aortic homograft
Understand technique of aortic homograft root replacement, including
selecting appropriately sized homograft
Ability to perform aortic homograft
Module 9—valve sparing root (valve sparing aortic root replacement)
Understand aortic root anatomy as it relates to valve sparing technique
Understand indications for valve sparing aortic root replacement
Understand technique of valve sparing aortic root replacement,
including selecting appropriate graft size
Ability to dissect and prepare aortic root
Ability to perform valve sparing aortic root replacement
Module 10—vein harvest
Understand components of equipment for endoscopic vein harvest
Understand vein identification
Understand endoscopic vein harvesting technique
Ability to identify and ligate saphenous vein branches
Understand indications for conversion to open technique
Module 11—LVAD
Understand indications for LVAD
Understand different devices available and device mechanisms
Understand technique of LVAD insertion
Understand implantation of LV apical cannula
Understand placement and technique of aortic outflow graft
Module 12—CPB
Comprehension of CPB circuit
Understand weaning bypass physiology
Pitfalls/complications associated with CPB
Ability to resolve CPB issues
IMA, Internal mammary artery; AVR, aortic valve replacement;MVR,mitral valve re-
placement;MV,mitral valve; TV, tricuspid valve; AV, aortic valve; LVAD, left ventric-
ular assist device; LV, left ventricle; CPB, cardiopulmonary bypass. *Detailed
learning objectives not established for module 1.
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UAnother significant finding in the present study was the
residents’ self-confidence ratings, which increased signifi-
cantly after the sessions. These findings support those found
in the published data14,15 that providing structured teaching
sessions improves the confidence level of learners. Self-
confidence has been shown to effect learner motivation
and performance achievement.16 According to Ban-
dura,16,17 a learner’s behavior is often predicted by their
beliefs about their own capabilities, and those with greater
self-confidence for accomplishing a task participate more
readily, work harder, and persist longer when they encoun-
ter a problem. Learners who have had the opportunity for
deliberate practice of skills in an inanimate setting have
been shown to have increased levels of confidence and de-
creased levels of anxiety when performing skills in the clin-
ical setting.15 In addition, residents reported that they felt
more prepared and less anxious for operative cases.
Some limitations were associated with our cardiac sur-
gery simulation curriculum development and implementa-
tion. Anastomosis was our first module implemented, and
we did not have detailed learning objectives developed for
evaluation at that time. In addition, owing to the inherentardiovascular Surgery c Volume 144, Number 1 13
TABLE 5. Summary of resident satisfaction scores for CT simulation
modules (n ¼ 57)
Question Score
Course content was appropriate to my level of learning. 4.8
Course content was delivered in an efficient manner. 4.8
Instructor(s) was enthusiastic about the topic. 5.0
Instructor(s) was knowledgeable in the field. 4.9
Skill station(s) were favorable to learning. 4.9
I had enough time for practice during the skills station(s). 4.7
Overall, I was satisfied with the course. 4.9
This course should be taught again. 5.0
Scale: 1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly agree.
TABLE 7. Resident self-confidence before and after simulation
modules
Module Topic (data points*)
Cumulative mean score
Before module After module
1 Anastomosisy NA NA
2 Basic skills (41) 4  0.12 4.8  0.07
3 Aortic valve (41) 3.24  0.16 4.59  0.09
4 MVR/atrial fibrillation (23) 2.91  0.17 4.26  0.09
5 MV and TV repair (30) 3.23  0.11 4.33  0.12
6 Aortic dissection (16) 3.81  0.16 4.69  0.12
7 Minimally invasive valve
surgery (25)
3.44  0.10 4.76  0.10
8 Aortic root replacement (16) 3.44  0.16 4.63  0.13
9 Valve sparing root (25) 3.64  0.17 4.44  0.10
10 Vein harvest (25) 4.04  0.07 4.88  0.07
11 LVAD (25) 3.4  0.10 4.72  0.11
12 CPB (20) 3.6  0.21 4.5  0.14
Data presented as mean  standard error of the mean. Paired t-test performed for
scores before and after module sessions; for all comparisons, P<.001. NA,Not avail-
able;MVR,mitral valve replacement;MV,mitral valve; TV, tricuspid valve; LVAD, left
ventricular assist device; CPB, cardiopulmonary bypass. *Number of data points de-
termined by total responses for each module. yFormal assessment not performed for
module 1.
Cardiothoracic Surgical Education and Training Baker et al
E
D
Ufinancial limitations of purchasing a high-fidelity endovas-
cular simulator, we were not able to simulate endovascular
repairs of type B dissections and descending thoracic aneu-
rysms. Therefore, 12 modules were implemented monthly
into our existing education curriculum.
It is important to recognize that the present study was de-
signed to bridge the curricular gap in the CT program within
our own institution; therefore, the survey results reflect the
needs of 1 specific program. It should be assumed that each
program will have a slightly different patient population
and focus; therefore, each curriculum should be tailored to
meet the needs of the respective institution. Our hope is that
the present project serves as a guide to assist other programs
with the formal curriculum development process. In addition,
the small number of learners restrained our capacity to gather
psychometrically sound data for curriculum validation. The
module instructors also varied in their level of experience.
Another limitation in the present project was that there
might have been some bias in the residents’ evaluation ofTABLE 6. Perceived resident competency
Module
Topic
(data points*)
Cumulative mean score
Competent to
perform with
supervision
Competent
to perform
independently
1 Anastomosisy NA NA
2 Basic skills (41) 9.49 8.18
3 Aortic valve (41) 9.15 7.17
4 MVR/Atrial fibrillation (23) 9.21 7.17
5 MVand TV repair (30) 8.83 6.7
6 Aortic dissection (16) 8.41 6.76
7 Minimally invasive
valve surgery (25)
8.8 6.48
8 Aortic root
replacement (16)
9.25 7.31
9 Valve sparing root (25) 9.00 7.12
10 Vein harvest (25) 9.28 7.60
11 LVAD (25) 8.64 6.72
12 CPB (20) 9.45 7.00
Scale: 1, completely disagree; 10, completely agree. NA, Not available; MVR, mitral
valve replacement;MV,mitral valve; TV, tricuspid valve; LVAD, left ventricular assist
device; CPB, cardiopulmonary bypass. *Number of data points determined from total
responses for each module. yFormal assessment not performed for module 1.
14 The Journal of Thoracic and Cardiovascular Surgesatisfaction and goal achievement owing to the small num-
ber of trainees and educators. It is possible that the trainees
had some difficulty in objectively evaluating a program de-
signed specifically for them by their own faculty. In an at-
tempt to minimize this, we were sincere when we told
them their honest feedback was essential to evaluate and
improve the program.
Finally, the focus of the present study was the assessment
of the curriculum and not to establishing a competency-
based evaluation system for the residents. In this project,
learners were assessed subjectively at the end of each ses-
sion and asked to demonstrate the skill back to the instruc-
tor. The residents who did not perform the skill adequately
were given remediation and the opportunity to ‘‘re-test’’ at
a later time. Future research projects should focus on estab-
lishing standard proficiency levels and the development of
formal evaluation tools for resident performance. Increas-
ing national attention is currently being directed at estab-
lishing formal evaluation tools for resident performance
and will need to be included in future protocols.Maintenance
We plan on continuing and improving the simulation
modules established during this pilot year as a formal part
of the cardiac surgery educational curriculum and incorpo-
rate multidisciplinary crisis management training. In antic-
ipation of younger and less experienced residents, we plan
to implement weekly modules to enhance overall resident
training and performance. Focused groups with current res-
idents directed at revising the current simulation modules to
identify any gaps will also be performed. Informationry c July 2012
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hance the curriculum. In addition, we will re-evaluate the
results of our current needs assessment and anticipate per-
forming future needs assessment to delineate the impor-
tance of incorporating different modules in the future.
Although the present study did not use specific evaluation
tools of learner performance, national efforts are currently
underway to develop formal assessments of resident perfor-
mance. This will be an important adjunct to future simula-
tion protocols.CONCLUSIONS
A pressing need exists to incorporate simulation-based
training into existing and future CT surgery residency pro-
grams. As mandates for quality measures and shorter train-
ing periods emerge, teaching alone using the traditional
‘‘apprenticeship’’ model in the operating room will no lon-
ger be sufficient. We have shown that it is feasible to de-
velop and implement a cardiac surgery simulation
curriculum using a structured approach. High-fidelity,
low-technology tools such as a fresh tissue cadaver labora-
tory and a virtual operating room might be important ad-
juncts to successful curriculum implementation. In the
present report, our goal was to provide a framework for
a formal curriculum development process that can be used
by other programs when developing individualized simula-
tion curricula. Each program should recognize that a needs
assessment can help focus the curricular content and that
implementation will vary depending on resources, faculty
time, and available educational time. Individual programs
could benefit from defining specific needs, which will be
important for the widespread and local implementation of
simulation-based training in CT surgery.References
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Dr James Fann (Stanford, Calif). Dr Sinha, I want to congrat-
ulate you and your colleagues on a highly informative
presentation.
Surgical training traditionally has been based on an apprentice-
ship model with the predominance of technical training in the
operating room; however, the operating room may not be the ideal
place for early surgical training because of the issues you
discussed. Although simulation-based training, if done properly,
can provide needed training and practice outside the operating
room, the adoption of simulation training has not been as wide-
spread among cardiothoracic surgical educators. The situation is
improving particularly with the efforts of the Joint Council,
TSDA, ABTS, TSFRE, and the discussions here at the Western
Thoracic Surgical Association.
You and your group have approached simulation in a systematic
way, starting with needs assessment and defining the goals and ob-
jectives. Based on your needs assessment, members of the faculty
identified, in order of importance, mitral valve surgery, thoracic
aortic surgery, aortic root replacement, and coronary anastomosis,
taking into consideration the complexity and frequency of these
procedures in the clinical setting.What is interesting is that the res-
idents emphasized in rank order the importance of beating-heart
surgery, management of the small aortic root, aortic root replace-
ment including valve-sparing approach, and mitral valve proce-
dures. The differences in the order of perceived need between
the 2 groups may reflect the level of comfort that the resident
has and the level of faculty comfort in resident training. So the
needs assessment has effectively defined for us the subtle but
real differences in what residents think they need to know and
what faculty think they need to know. Thus, what I consider to
be a communique from the residents to the educators has important
implications in developing better teaching tools.
How have these findings regarding needs assessment impacted
the approach of the faculty in resident training in the simulation
laboratory and in the clinical setting? Do you think that the labo-
ratory skills are transferable to the operating room?
Dr Sinha. Thank you very much, Dr Fann, for that excellent
question. Of course, transferability of these learned procedures
is of utmost importance for all residents. Although we do notardiovascular Surgery c Volume 144, Number 1 15
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the simulation labs, for example, mitral and tricuspid repairs, have
become easier for the residents to perform at our county facility
and faculty have noticed an improvement.
Dr Fann. The development of 12-13 modules including syn-
thetic, tissue-based, and fresh cadaveric models is labor and
resource intensive, and I am appreciative of your team in assem-
bling all of these. From the standpoint of the basic simulation lab-
oratory, based on your experience with these modules, what would
you tell someone who is starting a simulation laboratory what the
critical simulators are?
Dr Sinha. That is also a very important point. First we need to
keep in mind the learners in the simulation lab. Our learners were
traditional graduates of general surgery residency programs and,
therefore, were technically more advanced than, for example,
a beginner in an integrated 6-year program, so depending on the
level of the learner, different simulation tools can be used, such
as the portable task trainers. For example, the anastomosis module
could be of use to a younger learner; however, for our more trained
residents, we felt that was better performed in a porcine heart
model. Depending on the availability of the resources for each pro-
gram as well as the level of the learner’s experience, they should be
able to tailor the tools accordingly.
Dr Fann. And the final question. The educational methods
presented comprise one area that all educators would find very
interesting, that is, determining the appropriate representative mo-
dalities or simulators. Although trainee perception of satisfaction16 The Journal of Thoracic and Cardiovascular Surgeand perceived competency and self-confidence are well described
and satisfy the concept of face validity, what I am concerned about
is how one can carry this forward to the use for remediation and
formative assessment, and potentially high-stakes, proficiency-
based advancement. Developing the simulators and assessing their
utility and to the extent possible their validity are of paramount im-
portance. What are your thoughts about the natural extension of
this simulation for the use of formative and summative assessment
and also how have the faculty been educated in terms of providing
formative assessment?
Again, I thoroughly enjoyed the presentation and look forward
to further insights from you and your colleagues, and I thank the
Association for the privilege of discussing this paper.
Dr Sinha. Thank you. Again, 2 important points there. Using
this information to go forward is of importance; however, at this
point, simulation is still in its infancy period in cardiothoracic
training, so we can extrapolate data from this to be able to develop
objective learner tools to establish proficiency as well as transfer-
ability to patient care in the operating room. I think that is going to
take some time but that is the eventual goal.
In addition, as far as teaching the learners evaluation skills, that
is another important component of evaluation of overall curricu-
lum as well as faculty education, and that is something that we
are working on with our PhD educator, Dr Sullivan, to help expand
on to make sure that things such as cognitive task analysis are
incorporated so that educators are really aware of how they are
able to give assessment based on what they are teaching.ry c July 2012
